1-octadecene (90%), NOBF 4 (95%), yttrium (III) acetate (99.9%), praseodymium (III) acetate (99.9%), ytterbium (III) acetate (99.9%), sodium hydroxide (97%), ammonium fluoride (98%) and 7-hydroxy-4-methyl-3-coumarinylacetic acid (Coumarin, 98%) were purchased from Sigma and Aldrich and used without further purification.
Synthesis of core and core-shell NaYF 4 NCs Stoichiometric amounts of rare earth acetates (totally 1 mmol) were added into a 100 mL three-necked flask, which contained 6 mL oleic acid and 17 mL 1-octadecene. The mixture was stirred vigorously and heated to 120 °C for 1.5 h under vacuum and subsequently allowed to cool down to room temperature under a gentle flow of nitrogen gas. This was followed by a rapid injection of a mixture, containing 2.5 mmol NaOH and 4 mmol NH 4 F dissolved in 3 and 7 ml methanol. The reaction was kept at room temperature overnight. Next, the solution was heated to 100 °C for 0.5 h under vacuum and to 300 °C for 2 h under a protective nitrogen atmosphere. Afterwards, the solution was cooled down and the product was precipitated by adding excess ethanol. The core NCs were washed with ethanol and cyclohexane three times using centrifugation to separate the NCs from the ethanol and cyclohexane. Finally, core NCs were dissolved in cyclohexane. For the synthesis of core-shell NCs, all steps were the same except for the injection of core NCs in cyclohexane into the flask before adding the mixture of NaOH and NH 4 F methanol solutions. Core-shell NCs were also dissolved in cyclohexane. 
Estimation of the number and the intermolecular distance of dye molecule
The Coumarin density on a single NC is estimated as follows. The mean edge length Coumarin). After an initial drop in intensity, the signal stabilizes after ~1h.
